We have performed calculations for the ground states in 174 W by using the projected total energy surface (PTES) calculations. Both the ground state (g.s.) band and its γ band reproduce the experimental data. Further discussion about the triaxiality in 174 W has been made by transition quardrupole moment (Q t ) and comparing between the PTES and TRS methods.
Introduction
The triaxiality of highly rotating nuclei has been a substantial subject of study for several decades. Nuclear triaxiality associated with the breaking of axial symmetry of the quadrupole deformation, brings up many interesting collective motions, e.g., wobbling motion, chiral and γ bands. And the role of the beyond-mean-field-effect on the nuclear triaxiality has become another hot topic.
several theoretical approaches have been developed for studying nuclear triaxiality [1, 2] . However, much less research focus had been paid to the axial asymmetry of the nuclear ground state. Recently, the first global calculation across the nuclear chart of axial symmetry breaking was carried out by using the macroscopic-microscopic finite-range liquid-drop model (FRLDM) [3, 4] .
Many nuclear ground states have been predicted to be triaxiality shaped or γ-soft by the FRLDM calculations and, however, some of which were previously predicted to be axial symmetric by the total routhian surface (TRS) method. TRS method has been extensively used to describe the shape of highly rotating nuclei. Despite the many success of the TRS in the description of nuclear shapes, the disadvantages are clear in the fact that the angular momentum is not a good quantum number, but instead the rotational frequency is employed. And the assumption of the fixed rotational axis in the TRS method is unreasonable in the description of the triaxial nuclear system. The different results of the FRLDM from the TRS method come from their different parameterizations although the two methods are belong to the same type of macroscopic-microscopic approach.
Recently, the PTES method has been developed based on the triaxial projected shell model (TPSM) hybridized with the macroscopic-microscopic method [5] , which describes the total energy surface of a triaxially deformed nucleus with the good angular momentum quantum number. To overcome the shortcomings of the TRS method the classical rotational term is replaced by the full quantum mechanics rotational energy in the PTES. The total energy of an atomic nucleus is decomposed into the macroscopic, microscopic and rotational terms. The macroscopic and microscopic parts are described with the liquid drop model and Strutinsky method, respectively, and the rotational energy is given by the TPSM, as the beyond mean field term. In the present work, we will discussed the triaxiality in 174 W by performing PTES method.
Projected Total Energy Surface method
In the PTES method, the total energy of the nuclear system includes three terms and is expressed as (see Ref [5] for details)
Where E LD is the liquid-drop model energy [6] . E corr is the quantum effect correction to the energy, which is given by the Strutinsky method [7, 8] . E rot is the rotational energy obtained by the TPSM calculation. All the terms in Eq.(1), of course, depend on the neutron and proton numbers (N, Z), the deformation parameters, ε 2 , γ and ε 4 , which are not written explicitly. The TPSM wave function can be written as
in which the projected multi-q.p. states span the shell model space. Where, |Φ κ represents the set of multi-quasiparticle states labeled by κ , and for even-even nuclei it includes the 2-and 4-q.p, states associated with the triax- 
The Hamiltonian in the TPSM [see [] for details] is written as
The nuclear equilibrium deformation can be obtained for each spin by minimizing the total energy, calculated by Eq.(1), in function of spin with respect to the deformation parameters, ε 2 and γ. The minimization procedure can be performed through the calculation of the total energy surface in the considered deformation plan.
Results of calculations and discussion
Three major shells of N=4,5,6 for neutrons and N=3,4,5 for protons are included to calculate the Nilsson single particle states in the TPSM. The used Nilsson potential parameters for each main shells are taken from the literature [9] . In the present calculation, the hexadecapole deformation is not considered as the variable but taken to be ε 4 = 0 for simplicity. The monopole pairing strength parameter G 0 is calculated with the standard parameters g 1 = 20.12 MeV and g 2 = 13.13 MeV [10] , which approximately reproduces the observed odd-even mass differences in the mass region. The quadrupole pairing strength parameter G 2 is calculated from G 2 = fG 0 with the proportional coefficient f = 0.16 as usual.
The projected total energy surface is calculated for an given angular momentum as well as a given parity, this may provides an opportunity to make a direct comparison between the theory and the experiment. Figure 1 shows the PTES for the g.s. I π = 0 + of 174 W, which has a local minimum representing the equilibrium deformations of (ε 2 = 0.24, γ = 18 • ). The results imply that the g.s. of the nucleus is well deformed, and it is particularly noteworthy to have the axial asymmetry with γ = 18 • . The TRS calculation has been intensively employed to study highly rotating nuclei [1] ,especially, in the rare earth mass region, thus it may be instructive to make a comparison between the PTES and TRS results. Because of the semi-classical nature of the TRS method it is impossible to strictly describe the g.s. which has a good angular momentum I π = 0 + . However, the TRS calculated at a small rotational frequency may describe the property of the g.s. as a good approximation, and thus a comparison between the PTES and TRS for the g.s. has the certain significance. Figure 2 shows the TRS calculated with the same set of the Nilsson potential parameters for the ground band state of 174 W, at the rotational frequency ofhω = 0.02hω 0 , which reports a local minimum at the deformations of (ε 2 = 0.234, γ ∼ 0 • ),which consistent with the result of FRLDM. The three methods give the same equilibrium elongation deformation but a considerably different triaxiality for the g.s. of 174 W. The γ-deformation of 18 • is not a large triaxiality but an indication of the axial symmetry breaking in the g.s. of the nucleus. In fact, the axial asymmetry of the g.s. of 174 W manifests the appearance of the characteristic γ band observed experimentally at 0.977 MeV above the g.s.. The calculations of the PTES for nonzero spins of g.s. band and its γ band of 174 W, have been performed in a similar way to the g.s. calculation. Figure 3 presents the calculated g.s. band and its γ band for 174 W , from the PTES minima, compared with the experimental data [11] . By comparison, it is seen that the beyond mean field effects incorporated in the PTES approach may give rise to the axial asymmetry in some nuclei which have been predicted to have an axial symmetric shape by the TRS calculations and FRLDM calculation. In another way, the transition quadrupole moment (Q t ) is one of best physical quantities to identify the intrinsic deformed shape of the nucleus. The calculated Q t with the deformations determined by minimizing the projected total energies for different spin, well reproduce the available experimental data [12, 13] within the error bars for W isotopes (see [5] and next work). Unfortunately, there are no more clear experimental data for 174 W to compare with the calculations.
Summary
In summary, we have studied the triaxiality of the ground states in 174 W by using PTES method. Our PTES calculations and the comparison with TRS method shows that beyond-mean-field-effect may play an important role on the nuclear triaxial deformation.
